Introduction 17
Typically, a city is richly composed of stately buildings, public spaces, monuments, and 18 residential buildings. Its varied topography and streets offer ever changing panoramas. Much 19 research has been devoted to measuring the prominence and visibility of a city's many 20 landmarks and places of interest -both from an urban morphology perspective, and as a basis 21 for selecting content for wayfinding applications. It is acknowledged that various factors affect 22 how people perceive the prominence of buildings and monuments in the landscape, and how 23 any vehicles present in the data capture were removed from the road surface. This was 1 necessary to reduce the occurrence of target occlusion from temporary moveable surface 2 objects. The process was automated by using the OS Master Map road polygons to define the 3 road regions in the surface models, and by running a kernel function across the terrain model to 4 identify regions of steep slope which would not be expected on roads. These regions were then 5 replaced with interpolated values from the surrounding terrain model. The visual magnitude was 6 calculated by modelling the lines-of-sight from a location in the study region to all of the cells 7 in the 1metre resolution DSM. The vertical extent visible was recorded, with foreground objects 8 creating visibility shadows on the more distant cells (Figure 1) . 9
The total visual magnitude for each OS Master Map polygon was calculated by summing the 10 model output for all cells within the defined polygon boundary. Two metrics were calculated: 11 the total façade area visible and the perceived area. The total façade area does not vary with 12 distance, but is a measure of the total frontage surface area that is visible from an observer 13 location. The perceived area uses this figure but includes a 'decay with distance' function, at a 14 distance squared rate (the further from the user, the smaller the area captured on the retina). The visual magnitude for all objects can then be summed for each location within the city to 6 produce a cumulative visual magnitude map (Figure 2 ). This differs from other cumulative 7 maps in that it is the summation of visual magnitude maps which include vertical extents of 8 objects (façade area), rather than just a count of the number of times a cell is visible. Royal Mile, Edinburgh Castle and Princes Street Gardens). The third column in Figure 5 is 6 based on a frequency count of the location from which FlickR images were taken of that 7 particular site. Previous research reveals ambiguity in how FlickR images are located and 8 tagged. To reduce these errors a filtering process was carried out whereby the set of tags for 9 each geotagged image were compared against all other tags from images within 50 metres. The 10 tag comparison was performed using trigrams allowing for fuzzy string matching which ignored 11 minor spelling mistakes, stop words (e.g. of, the), and word order (e.g. National Art Gallery, 12 National Gallery of Art). The most popular tag by unique user count was considered as the main 13 tag for each image. The more common items which occur across the map were ignored, such as 14 'Edinburgh', 'Scotland', 'Nikon' ,'2011' using a tf-idf approach (Mackaness and Chaudhry 15 2013). Once the main tag had been determined for each image it was possible to filter out those 16 tags which were only used by a few users, to leave the more robust FlickR image locations.
There are some interesting things to note when studying the Visual Magnitude Map. 1
Calton Hill was identified earlier as a place which offered good views of the city (Figure 2 site 2 B). It is noticeable from the Façade map that the majority of regions that can see Calton Hill 3 have a good view of it (shown in red), with some of the best regions being North Bridge (Fig. 2  4 site C), Edinburgh Castle (Fig.2 site A) , and the Crags (Fig. 2 site D) . The Perceived area map 5
gives an indication of how large the site is in the field of view, considering the viewing distance. 6
This correlates fairly well to the top FlickR tags, noteably on Calton Hill itself, but also the 7 more distance vantage points of Edinburgh Castle, and North Bridge. 8
St Giles Cathedral is a visually exciting building with a crown steeple, situated on the 9 popular Royal Mile. It attracts a lot of attention as can be seen by the density of FlickR image. 10
However due to the narrow streets and surrounding buildings it has a fairly limited visual 11
impact. There are some locations from within Edinburgh Castle that can see a high façade area, 12 and indeed this has been taken advantage of by FlickR photographers. There are also FlickR 13 images from the National Museum of Scotland (see Fig 4 for location) , which were not 14 identified in the visual magnitude output. This is because the visibility model was only run from 15 an observer at street level, while the National Museum has roof top access from which the 16
Cathedral is visible. 17
Scott Monument is a tall gothic looking structure on the busy Princes Street shopping 18 area. This area is fairly open to the south where Princes Street Gardens is located, and this 19 shows up in the magnitude maps which extend a long way south of the site across the valley to 20 the opposite hill. It is not a very large object so although it is recognisable from many locations, 21 it does not occupy a large part of the field of view. As it is a tall structure and is situated in an 22 open region it has a fairly consistent façade area region (shown in green). 23
The Royal Mile (fourth row) is the commonly used name for the High Street which is a 24 tourist favourite. It is long thin cobbled street and only really visible from within the street 25 itself. Although it can be seen from the connecting road network the main region for 26 photographing it is on the actual street itself.
Edinburgh Castle is a magnificent site on top of a volcanic plug, overlooking the city. It 1 is obvious from the visual magnitude maps that this site can be viewed from much of the study 2 region, and often a large portion of the site is visible. This is evident in the widespread locations 
